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(54) ntle: DRILLING SYSTEPA WITH SENSORS FOR DETERMINING PROPERTIES OF DRILLING FLUID DOWNHOLE 
(57) Abstract 

The present invention provides a drilling system for 
drilling oilfield boreholes or wellbores utilizing a drill string 
having a drilling assembly conveyed downhole by a tubing 
(usually a drill pipe or coiled tubing). The drilling assembly 
includes a bottom hole assembly (BHA) and a drill bit The 
bottom hole assembly preferably contains commonly used 
measurement-whilc-drilling sensors. The drill string also 
contains a variety of sensors for determining downhole 
various properties of the drilling fluid. Sensors are provided to 
detennine density, viscosity, flow rate, clarity, 
compressibility, pressure and temperature of the drilling fluid 
at one or more downhole locations. Chemical detection 
sensors for detecting the presence of gas (methane) and H3S 
are disposed in the drilling assembly. Sensors for dctcmiining 
fluid density, viscosity, pH, solid content, fluid clarity, fluid 
compressibility, and a spectroscopy sensor are also disposed in 
the BHA. Data from such sensors may be processed downhole 
and/or at the surface. Corrective actions are taken based upon 
the downhole measurements at the surface which may require 
altering the drilling fluid composition, altering the drilling 
fluid pump rate or shutting down the operation to clean 
wellbore. The drilling system contains one or more models, 
which may be stored in memory downhole or at the surface. 
These models are utilized by the downhole processor and the 
surface computer to detennine desired fluid parameters for 
continued drilling. l*he drilling system is dynamic, in that the 
downhole fluid sensor data is utilized to update models and 
algorithms during drilling of the wellbore and the updated 
models are then utilized for continued drilling operations. 




fORwmn 

95 



FORMATION 
fUJID 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Fmland 


LT 


Lithuania 


SK 


$k>vakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Larvia 


sz 


Swaziland 


AZ 


Azeibatjan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Henegovina 


GE 


Georgia 


MD 


Republic of Mi^dova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tijikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


IViknienistan 


BP 


Burkina FasO 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MM 


Mongolia 


UA 


Ukraine 


BR 


Bnuil 


IL 


Isnel 


MR 


Mauritania 


vo 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


us 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzlselciatan 


CP 


Centra) African Republic 


JP 


}tp6n 


NE 


Niger 


VN 


Viet Nam ' 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CT 


Cdie d*|voire 


KP 


Democratic People** 


NZ 


New Zealand 






CM 


Cameitxm 




Repdblie of Korea 


PL 


Pdand 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


KasaJcstan 


RO 


Romania 






C2 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






PE 


Germany 


U 


Lleduenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Eitonla 


LR 


Liberia 


SG 


SingBpoie 







INTERNATIONAL SEARCH REPORT 



Inlsrr ial Apptieatlon No 

PCT/US 98/13119 



*.pCu.ss.P.CAT.o^^^^^^^ E21B47/00 E21B49/00 E21B47/10 

E21B44/00 E21B47/08 



According to Intefnational Patent CtassHication (tPC^ or to both national classification and IPC 
B. FIELDS SEARCHED 



Minimum documental ton searched (clasatftcation system followed by claasitication symbols) 

IPC 6 E216 



Documentation searched other than minimum documeliiation to the extant that such documents are included in the fields searched 



Electronic data base consuNed during the international search (name ot data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation ot document, with indication, where appropriate, oi the relevant passages 



Relevant to daim No. 



Y 
X 
Y 
X 



X 
A 



US 4 805 449 A (DAS) 21 February 1989 

see column 1, line 28 - line 36 

see column 5, 1 ine 27 • 1 Ine 47 

see column 6, 1 Ine 50 - 1 Ine 55 



US 4 765 183 A (COURY) 23 August 1988 
see abstract 



US 4 297 880 A (BERGER) 3 November 1981 
see abstract 

see column 2, line 11 - line 18 



US 4 941 951 A (5HEPPARD) 17 July 1990 
see abstract; claim 6 



1-3 



4 
6 
4 

1-3,8 



1-3 
7 



Fufther documents are (isted in the continuation of box C. 



[ Patent tami^ members ana listed in annex. 



* Special categories ot cited documents : 

"A* document defining the general state of the art which is not 
considered to be of particu/ar relevance 

"E' earlier document but published on or after the international 
filing date 

't' document which may throw doubts on pftonly claim(6) or 
whi(^ ts cited to estat^ltsh the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

"P* document published prior to the iruemati<^ai filing date but 

later than the priority date claimed 

Data of the actual completion of the kniamational search 



"T" later document publisfted after the international filing dale 
or priority date and not in conflict with the application but 
cited to understand the principlB or theory underlying itie 
Invention 

"X" document of particular relevance; the claimed invention 
cannot be conaidemd rtovet or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of panicuiar relevance: the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments. such combination being obvious to a person skilled 
in the art. 

ctocument member of tha same patent family 



4 February 1999 



Date of mailing of tlie international search report 



1 1 OZ 1999 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL . 2ae0 HV Ri/sw?;k 
Tel. (^31*70) 340-2040. Tx. 31 651 epo nl. 
Fax: (4>31. 70) 340-3016 



Authorized officer 



Sogno, M 



Foim PCr/tSA/210 (seoond «h«et) Uuly 1992) 



page 1 of 4 



INTERNATIONAL SEARCH REPORT 



Interr tal Application No 

PCT/US 98/13119 



CfComtnuatton) DOCUiyiENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indicmion .where appropriate, of the relevant passaoes 



Relevant to claim No. 



A 
X 



US 3 885 429 A (MEGYERI) 27 May 1975 
see claims 1,3 

see coluiiin 2, 1 ine 37 - 1 ine 43 

US 3 327 527 A (ARPS ) 27 June 1967* 
see claim 1 

US 5 351 532 A (HAGER) 4 October 1994 

see column 4. 1 ine 37 ~ 1 ine 47 

see column 5, line 21 - line 26 

see column 5, line 34 - line 39 

see column 6, line 53 - line 63 

see column 6, line 66 ~ column 7, line 1 

see column 7, line 41 - line 51 

US 2 341 745 A (SILVERMAN) 
15 February 1944 

see page 3, left-hand column, line 54 - 
right-hand column, line 14 

US 5 517 024 A (HULLINS) 14 May 1996 

see column 3, line 53 - column 4, line 26 

see column 3, line 41 • line 45 

US 4 683 944 A (CURLETT) 4 August 1987 

see column 19, line 42 - line 54 

see column 6, line 48 - line 52 

see column 15, line 17 - line 22; figures 

18,20 

see column 20, line 43 - column 21, line 
8; figures 26-28 



US 2 588 210 A (CRISMAN) 4 March 1952 
see column 3, line 49 - column 4, line 6 

US 2 805 346 A (PIETY) 3 September 1957 
see column 1, line 66 - column 2, line 1 
see claim 3 

US 5 435 176 A (MANCHAK) 25 July 1995 
see column 1, line 53 - column 2, line 24 
see column 6, line 30 - line 43 

EP 0 697 501 A (HALLIBURTON COMPANY) 
21 February 1996 
see column 2, line 15 - line 24 
see column 2, 1 1ne 50 - 1 ine 54 
see column 11, line 29 - line 34 

US 5 581 024 A (MEYER) 3 December 1996 
see abstract 

see column 9, line 2 - line 11 



1-3,8,20 



8,14-16 



8,14-16 



8,14-19 



8,20 



1 

9.11 
9,11 



18 



18,19 



18,19 



Foim PCT/taAAiO (oontmifttton of Moond iheM) (July 1992} 



page 2 of 4 



INTERNATIONAL SEARCH REPORT 



imftrn ml Application No 

PCT/US 98/13119 



C.(Contlmuition) DOCUMENTS CONSIDERED TO BE RELEVANT 

CoteQory * \ Citation oi docurrant. with indication .where appropriate, of ihe relevant passages 



Relevant to claim No. 



P.X 



A 



US 5 679 894 A (KRUGER) 21 October 1997 

see column 8, line 18 - line 35 

see column 4, 1 ine 38 1 ine 63 

see column 1, line 36 - line 40 

WO 97 27381 A (ANADRILL INTERNATIONAL 

S.A.) 31 July 1997 ' 

see page 5, line 12 - line 17 

see page 4, line 3 - line 7 

WO 98 50680 A (BAKER HUGUES INCORPORATED) 

12 November 1998 

see the whole document 

MO 96 02734 A (MARATHON OIL COMPANY) 
1 February 1996 
see abstract 

US 4 195 349 A (8ALKANLI) 25 March 1980 
see column 1 , 1 ine 21 ^ 1 ine 24 
see column 2, line 44 - line 53 

US 5 327 984 A (RASI) 12 July 1994 
see abstract 

see column 3, line 68 - column 4, line 7 
see claim 1 

see column 4, line 50 - line 59 

US 5 316 091 A (RAS) 31 May 1994 

see column 7, line 43 - column 9, line 23 

US 4 844 182 A (TOLLE) 4 July 1989 
see column 4, line 62 - line 66 

US 4 665 511 A (RODNEY) 12 May 1987 
see abstract 

US 4 833 915 A (RADD) 30 May 1989 
see abstract 

see column 3, line 34 - line 35 

US 4 994 671 A (SAFINYA) 19 February 1991 
see claim 1 

see column 3, 1 ine 45 - 1 ine 46 

US 2 908 817 A (HC KAY) 13 October 1959 

see column 1, line 20 - line 25 

see column 2, line 61 - column 3, line 8 

WO 93 21420 A (AMEN) 28 October 1993 
see abstract; claim 1 

US 4 807 469 A (HALL) 28 February 1989 
see abstract 



1-3,8 



1-3,8 



1-4,6,8, 
14,18,19 



1.4,5 



8.14.18 



8,14.18 



8,20 



9 



Fofin PCT/ISAA10 (oonthtfation ot sacond mhMt) (July 1082) 



page 3 of 4 



INTERNATIONAL SEARCH REPORT 



Interr rml Applleatlen No 

PCT/US 98/13119 



C,<Contlnuation) DOCUMENTS CONStDEREDTO BE RELEVANT 



Catogory 



Citation of document, with indication.where appropriate, of the rolevani passagoa 



Reievant to claim No. 



GB 2 307 684 A (SCHLUMBERGER LIMITED) 
4 June 1997 
see abstract 



9,10 



Pcm PCTASA/210 (oontbiutttkm of saeond stiMl) UuV tWZ) 



page 4 of 4 



INTERNATIONAL SEARCH REPORT 



iDu. .lationat appUcation No. 

PCT/US 98/13119 



Box I Observations where certain claims were found unsearchab^e (Continuation of Item 1 of first sheet) 



This international Search Report has not been estabiished in respect of certain daims under Article t7(2)(a) for the following reasons*. 
1. I 1 Claims Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 



I I Claims Nos,: ^ . * 

— because they relate to parts of the International Application that do noi comply with the prescribed requirements to such 
an extent that no meaningful Intemational Search can be carried out, spedficaRy: 



3. I Claims Nos.: _ - . . 

— because they are dependent daims and are not drafted in accordance with the second and third sentences of Rule6.4(a). 



Box 11 Observatfons where unity of Invention is lacking (Continuation of Item 2 of first sheet) 



This Intemational Searching Authority found multiple iriventions in this international application, as follows: 



see additional search 



EAs ail required additional search fees were timely paid by the applicant, this Intemational Search Report covers all 
searchable claims. 



2. I I As all searchable daims could be seardied without effort [ustifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I 1 As only some of the required additional search fees were timely paid by the applicant, 
I——' covers only those daims for which fees were paid, specifically claims Nos.: 



this Intemational Search Report 



4. I I No required additional search fees were timely paid by me applicant. Consequently, this Intemation&l Search Bopoit is 
— restricted to the invention first mentioned in the daims; it is covered by claims Nos.: 



Remark on Protest 



j I The additional search fees were accompanied by the applicant's protest. 
[)( J No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet <1))(July 1992) 



International Applieation No, PCT/US 98/13119 



FURTHER INFORMATION CONTINUED FROM PCT/tSA/ 210 



This International Searching Authority found nailtiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-6 

Drilling system comprising a plurality of pressure 
sensors, further a drilling system comprising a plurality of 
temperature sensors. 



2. Claims: 7,8,18.19 

Drilling system comprising one or plural sensors providing 
flow rate measurement, further a drilling system including a 
fiber optic sensor. 



3. Claims: 9-13 

Method of determining the relative amount of a component 
material of a drilling fluid, comprising tagging said 
component. 



4. Claims: 14-17 

System for monitoring a parameter of interest of a drilling 
fluid, comprising a spectrometri c device. 



5. Claims: 20,21 

Downhole drilling tool comprising a fluid viscosity 
measuring device. 



IP^TERNATIONAL SEARCH REPORT 

tMionnvtion on patent family members 



lnt«rr .ia| Applloatlon No 

PCT/US 98/13119 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(5) 


Publication 
date 


US 4805449' 


A 


21-02-1989 


CA 
DE 
EP 
NO 


1311370 A 
3875325 A 
0320039 A 
173753 C 


15-12-1992 
19-11-1992 
14-06-1989 

26-01-1994 


US 4765183 


A 


23-08-1988 


US 


4881406 A 


21-11-1989 


" US 4297880 


A 


03-11-1981 


NONE 




US 4941951 


A 


17-07-1990 


CA 
EP 


2010943 A 
0386810 A 


27-08-1990 
12-09-1990 



US 


3885429 


A 


27-05-1975 


NONE 








US 


3327527 


A 


27-06-1967 


NONE 












A 
n 


04-10-1994 


WO 


9509971 


A 


13-04-1995 


us 


Z34174b 


A 
A 












us 


5517024 


A 


14-05-1996 


AU 


2649995 


A 


21-12-1995 








EP 


0760937 


A 


12-03-1997 










Mfl 




A 
n 












WU 






U/ Ic I77D 


us 


4683944 


A 


04-08-198/ 


LA 




A 


tfc UD— 1^1 27^ 








AU 




D 












A 1 1 

AU 


/^oUUo/ 


A 












P A 

LA 


looboi i 


A 












EP 


0289673 


A 


09-11-1988 










US 


4799544 


A 


24-01-1989 




• 






U5 


4oiOiUb 


A 

A 


UO UO— lyoy 










1 1 c 

us 


49Z4949 


A 


lb ua-iy»U 


us 


2588210 


A 


04-03-1952 


NONE 








us 


2805346 


A 


03-09-1957 


NONE 








us 


5435176 


A 


25-07-1995 


. WO 


9704213 


A 


06-02-1997 


EP 


697501 


A 


21-02-1996 


CA 


2155918 


A 


16-02-1996 


















us 


5581024 


A 


03-12-1996 


CA 


2160968 


A 


21-04-1996 










EP 


0713104 


A 


22-05-1996 










NO 


954176 


A 


22-04-1996 


us 


5679894 


A 


21-10-1997 


US 


5456106 


A 


10-10-1995 










US 


5325714 


A 


05-07-1994 










CA 


2144497 


A 


15-09-1995 










EP 


0672818 


A 


20-09-1995 










NO 


950972 


A 


15-09-1995 










CA 


2123273 


A 


13-11-1994 










EP 


0624706 


A 


17-11-1994 










NO 


941769 


A 


14-11-1995 


uo 


9727381 


A 


31-07-1997 


CA 


2241194 


A 


31-07-1997 










GB 


2323873 


A 


07-10-1998 










NO 


983395 


A 


23-07-1998 



Foim PCT/ISA/210 (patMn lamay aniwit) (Juty 1002) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

M.iormatlen on p«tont iBmUy inombar» 



Ifitvrr .lal Application No 

PCT/US 98/13119 





Patent document 


Publication 




Patent family 




Publication 




cited in search report 


date 




mfimtserlfik 








UO 9850680 A 


12-11-1998 


AU 


4902297 


A 


05-05-1998 








UO 


9815850 


A 


16-04-1998 








UO 


9850681 


A 


12-11-1998 








UO 


9857030 


A 


17-12-1998 








WO 


9902819 


A 


21-01-1999 




. UO 9602734 A 


01-02-1996 


us 


5837893 


A 


17-11-1998 








AU 


2545195 


A 


16-02-1996 








EP 


0717810 


A 


26-06-1996 



US 4195349 A 25-03-1980 NONE 



US 5327984 A 12-07-1994 GB 2276184 A.B 21-09-1994 

NO 940906 A 19-09-1994 



US 


5316091 


A 


31- 


-05- 


1994 


NONE 






us 


4844182 


A 


04- 


-07- 


1989 


GB 


2242460 A.B 


02-10-1991 














UO 


8912156 A 


14-12-1989 


us 


4665511 


A 


12- 


-05- 


1987 


AU 


4046685 A 


03-10-1985 














BR 


8501428 A 


26-11-1985 




• 










DE 


3511917 A 


10-10-1985 














FR 


2562152 A 


04-10-1985 














GB 


2156984 A.B 


16-10-1985 














JP 


60219580 A 


02-11-1985 














NL 


8500951 A 


16-10-1985 


us 


4833915 


A 


30- 


-05- 


1989 


GB 


2213174 A.B 


09-08-1989 



us 4994671 A 19-02-1991 EP 0461321 A 18-12-1991 



US 2908817 


A 


13-10-1959 


NONE 






UO 9321420 


A 


28-10-1993 


CA 


2117752 A 


28-10-1993 








US 


5277263 A 


11-01-1994 








AU 


3975893 A 


18-11-1994 








AT 


172516 T 


15-11-1993 








DE 


69321740 D 


26-11-1998 








EP 


0757746 A 


12-02-1997 


US 4807469 


A 


28-02-1989 


GB 


2202048 A 


14-09-1988 








DE 


3866381 A 


09-01-1992 








EP 


0282232 A 


14-09-1988 


GB 2307684 


A 


04-06-1997 


US 


5711900 A 


27-01-1998 








CA 


2190811 A 


30-05-1997 








NO 


965060 A 


30-05-1997 



Pom PCT/ISASIO (paMiil tam«y mmx) (^ly 1992) 



page 2 of 2 



